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Abstract

In many mammal species, precocious sexual behaviour is a component of play. A recent model for the
evolution of play fighting behaviour in muroid rodents by PELLIS (1993) proposes that social play in those
species has its origin in precocious sexual behaviour. Captive juvenile emydid turtles perform precocious sexual
behaviour. After reviewing its occutrence, we focus on detailed observations of Pseudemys nelsoni. Precocious

sexual behaviour in these tutles is characterized by the striking ‘titillation’ display, usually observed only when

adult males court females. In this display, the digits of the front feet are rapidly vibrated above the eyes of the
female. In our observations, both sexes performed the display, which was energetic, spontaneous, and inconclusive
(in that sequences of Hunono,nmocm courtship typically ended when either the displayer or recipient stopped and
rested, left, or started some other unrelated non-social behaviour). Displaying individuals clearly preferred
conspecific recipients and often appeared to seek out specific individuals. We discuss several plausible explanations
for precocious courtship in these turtles but find none entirely satisfying. The characteristics of the precocious
courtship behaviour we observed most closely match those commonly listed for social play. Thus, we conclude
that the most likely explanation for this behaviour is that it is 2 component of social play.

Corresponding author: Matthew KRAMER, Statistical Research Division, Room 3000—4, U.S. Bureau of the
Census, Washington, DC 20233-9100, USA. E-mail: mkramer@cennus.gov

Introduction

One facet of ethology involves tracing the evolutionary origins of complex behaviour
patterns (MARTINS 1996). Often we discover that major categories of complex behaviour
are not the recent evolutionary innovations they seemed to be. For example, tool use was
once thought to be restricted to, indeed charactetistic of, human beings. Today tools are

known to be used by many unrelated animals, all with presumably lesser mental faculties

than Homo sapiens (BECK 1980). Duting the 19th century, play behaviour was considered
widespread in vertebrates and invertebrates (BURGHARDT, in press). Currently, play behav-
iour is considered restricted to those groups for which it has been documented: all
mammalian and some avian orders (FAGEN 1981). Given the occurrence of play behaviour
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in mammals and birds, it is natural to ask if evidence for play behaviour exists in members
of the group ancestral to both, ectothermic reptiles. Turtles are representatives of the
oldest extant reptilian radiation (GAUTIER et al. 1989).

Unlike many other behaviour patterns, which can usually be unambiguously identified
functionally (feeding, nest building, grooming), play, especially social play, often requires
an intimate knowledge of a species’ behaviour before it can be tecognized as such. For
example, there is still controversy on some of the most widely accepted examples of play
signals (PELLIS & PELLIS 1996). Evidence for the occurrence of object and locomotor
play in ectothermic reptiles (reptiles from here on) has been recently reviewed by BURGH-
ARDT et al. (1996), who presented evidence for such play in an adult Nile soft-shell turtle
(Trionyx triunguis). The issue of social play in turtles is addressed in this report.

Our intent here is not to develop new critetia for recognizing play, but simply to ask
if phenomena that are readily accepted today as playful when seen in mammals and birds
are also found in reptiles. Although the latter are biologically similar to the former in many
respects, differences in physiology and ontogeny may have precluded the evolution of play
as diverse and ubiquitous as that found in birds and mammals. Our examples of putative
social play in juvenile turtles ate derived from the courtship-like behaviour reported in
some aquatic species of North Ametican emydid turtles. PELLIS (1993) has developed a
theoretical model for the evolution of ‘play fighting’ in juvenile muroid rodents. For these
and other species, many elements of play, even play fighting, have their origin in sexual
rather than mmoE..mnn behaviour. He hypothesized that the precocious sexual behaviour
patterns already present in immature animals were the bases on which sexual play and play
fighting were built. As both juvenile play and adult sexual behaviour became increasingly
elaborate, successful sexual behaviour as an adult became contingent on play experience
as a juvenile. Eventually, in some species, the sexual acts used in play were modified for
use in other social contexts. For juvenile muroid rodents, PELLIS (1993) distinguished the
ptecocious expression of sex (e.g. voles) from play (e.g. rats), both of which incorporate
sexual acts. He suggested that one can discriminate between the two based, in part, on the
amount of time devoted to each, with play occupying much more time than simple
precocious sexual behaviour.

Use of a time criterion may aid in distinguishing play from non-play in other groups
of animals whete precocious sexual behaviour patterns occur, particularly when it s difficult
to recognize play. Evidence for play using a time critetion would exist if the behaviour
was petformed with a frequency and duration comparable to that of well-accepted examples
of play. While this may include many non-play behaviours, it excludes enigmatic behaviouts
that occur only sporadically.

Precocious courtship has previously been unambiguously documented in juvenile
emydid turtles. These include Chrysemys picta (RIVES 1978 [both sexes]), Graptemys fla-
vimacnlata (CAGLE 1955; WAHLQUIST 1970 [both sexes]), G. 4obni (CAGLE 1955; RIVES
1978), G. barbouri (WAHLQUIST 1970 [males]), Psendemys concinna (CAGLE 1955; PETRANKA
& PHILLIPPI 1978 [male]; RIVES 1978), P. floridana (PETRANKA & PHILLIPPI 1978), and
Trackemys scripta (MORRIS 1976 [male]; RIVES 1978 [both sexes]). However, the interpret-
ation of these observations has been unclear. During precocious courtship, an individual
rapidly vibrates the claws of its front feet near the head of another turtle or, much less
commonly, near an object. In all six species, males use a similar display when courting
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between individuals and species were so great that it seems valuable to present and comment upon them, even
without being able to attach specific p-values to the differences. We use a G test to test if breathing frequency
following displays differs from breathing frequency at other times. Because, in general, breathing occurs at regular
intervals and not at random, this makes the test mote conservative, i.e. rejection of a true null hypothesis is less
likely than the stated o value (KRAMER & SCHMIDHAMMER 1992; p. 835).

Results
Precocious Courtship

Precocious sexual behaviour occurred when one individual approached another and
displayed (titillated) one or more times. Fig. 1 is a scattergram that illustrates, for 25 displays
given by five individuals, the variation in both the number of vibrations in displays and
display duration. Based on these limited data, we did not demonstrate differences between
the vibration rate (number of vibrations/duration in s) of the front claws of juvenile
Psendernys nelsoni (4.4-10.8 vibrations/s), an adult male (7.0-16.0 vibrations/s), and three
displays of a single P. floridana juvenile (5.0-6.7 vibrations/s).
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B juv. P.n. (female

€ juv. P.n. (female
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Fig. 1: Frequency of front claw vibrations versus time (s) of Pseadermys nelsoni and P. floridana, analysed
from super8 film recordings

Precocious Courtship and Play in Emydid Turtles 43

The response to the displays varied, although not in a systematic way. Often the
recipient appeared to ignore the displaying individual, retracted or rubbed its head, or
pushed away the displaying animal with a front leg. In these cases, the titillation display
terminated when the displaying animal abandoned the recipient (dataset 1, 109 of 213
occasions = 51%). Slightly less often, the recipient appeared to be more disturbed by the
display. On 85 occasions (40%), the recipient turned or moved away from the displaying
individual. On 18 occasions (8%), the recipient gaped or snapped at an approaching or
displaying individual. On one occasion (< 1%), a recipient bit the displayer on one of its
front feet. Gaping, snapping or biting invariably halted further or incipient displays to the
recipient because the displaying animal immediately abandoned the recipient. Furthermore,
this recipient would not be approached by the displaying animal again for several min. In
general, the individuals reacted similatly regardless of the displayer’s identity except for
one female P. nelsoni juvenile, which usually turned away or left after being displayed to by
the male P. nelsoni juvenile. Adult female P. nelsoni react to a male’s display by withdrawing
their head, moving it away, or rubbing it with a forefoot. Otherwise, they appear to ignore
the male (KRAMER & FRITZ 1989).

Mounts rarely followed displays; only two were seen during the entire period the
juveniles were under observation. In both instances, one of the female P. nelsoni briefly
mounted the male P. nelsoni following several bouts of displaying. No attempt at cloacal
contact was witnessed. Mounts by adult P. #elsoni were also rarely observed (KRAMER &
FRrr1z 1989).

Part of the energetic appearance of the behaviour was due to the rapid vibration of
the forefeet, but most was due to the continuous and, at times, brisk Bwsogﬁwam of the
displaying animal to maintain its position with respect to the recipient, which was rarely
still during displays. The activity of the recipient turtle was possibly a consequence of the
displays, which could have exacerbated the manoeuvring requirements of the displaying
individual. Overall, the behaviour was at least as vigorous as adult courtship.

The energetic cost of a display was not directly measured. However, using dataset 2,
we compared the frequency with which animals surfaced for air within 30's after displaying
with the frequency with which they surfaced for air during other periods (excluding periods
with displays) (Table 2). These results indicate that animals surfaced for air more frequently
(G test, p=0.025) in the 30-s period following displays than they did duting other 30-s
periods. Because it is well known for reptiles that increasing sustained activity requires
higher oxygen consumption (BENNETT 1982), typically by increasing the ventilation rate,
we infer that more energy is required on average for precocious couttship than for the

Table 2: Frequency with which juvenile Psesdemys nelsoni surfaced to breathe in 20-s intervals,
excluding those in which they displayed

Frequency of surfacing
Time interval Zero One or more

Within 30 s after displaying 8 15
Other 30-s intervals 617 442
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Fig. 2: Positions of displaying juvenile Prendenys nelsons: A. head-to-head (also charactetistic of adult
Trachemys soripta elegans; B. swim above (characteristic of adult Psexdenys)

vations, of the 30 juvenile P. nelsoni displays filmed from this period all but two were head-
to-head. Data collected by D. JACKSON (in litt.) on P. nelsoni cotroborate the use of both
positions; each position was used about half the time by his juveniles. The second position
was used in the four filmed displays of one of the P. floridana juveniles.

In contrast to adult females, juvenile P. nelsoni females displayed frequently in our
observations. For dataset 1, the total number of displays (to all individuals in the aquarium)
given by the four P. nelsoni juveniles were 34, 52 and 76 (female), and 51 (male).

There were other differences from adult courtship. Juveniles displayed only to turtles
on the substrate, whether moving ot stationary. Adult males in the field and laboratory
displayed only to swimming females (KRAMER & FRITZ 1989; pers. obs.). On occasion,
the interaction between two juveniles attracted a third, which started displaying to one of
the other two. On one occasion, all four juveniles were clustered together, with at least
three displaying. In contrast, adults were not seen to join courting pairs in the field.

Discussion

While differing from the courtship behaviour of adult male Psendenys nelsoni (IKRAMER
& FRITZ 1989), precocious sexual behaviour shares most of its components with adult
courtship and not with other adult or juvenile behaviour patterns. The courtship display
of male Trachemys scripta elegans appears to involve considerable time and energy (JACKSON
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& DAVIs 1972b). Indirect evidence, presented above for Preudernsys nelsons, indicates that
precocious courtship behaviour is also enetgetically costly. In particular, precocious sexual
behaviour resembles the swim-above phase (KRAMER & FRITZ 1989) of adult courtship.
If the titillation display is used by males to induce female receptivity, the energy expenditure
by adult males can be justified by tying it ditectly to reproductive success. However, if this
was the sole function of the display, its presence in both genders of juveniles is paradoxical.
The two recorded instances of an adult female P. nelsori displaying (JACKSON 1977) were
mote similar to the juveniles’ displays than those of adult males because this female also
displayed from the head-to-head position.

Although the presence of precocious couttship may be enigmatic, the high frequency
of these apparently costly displays suggests that this behaviour may have a function. In
any event, it seems too complex, ritualized, and frequent to be merely a developing
(incipient), precocious behaviour as found, for example, in voles (PELLIS 1993). We first
discuss four possible explanations: information gathering, social dominance, artefact of
captivity, and consequence of environmental sex determination. We next discuss practice
and motor training; both have been proposed as possible functions of play (FAGEN 1981;
BYERS & WALKER 1995). There are difficulties with all the above explanations and we
conclude by proposing that precocious courtship is a component of tudimentary social

play.

Information Gathering

CAGLE (1955) speculated that titillation is a social signal or provides information
about novel objects. Results from this study found no evidence in support of CAGLE’s
second hypothesis. JACKSON & DAVIS (1972b) suggested that in adult courtship the
titillation display serves a species recognition function. However, because animals in this
study demonstrated selectivity of partner choice priot to displaying and individuals of both
sexes displayed, this explanation appears inadequate.

Social Dominance

Based on experimental work and informal observations of juvenile Chrysemys picta and
Trachemys seripta, RIVES (1978) suggested that titillation was aversive to recipients and might
serve to establish and maintain social dominance. The goal of his experimental work was
to identify factors influencing the exptession of precocious courtship when two unfamiliar,
wild-caught juveniles first encountered each other. Thus, he did not test his hypothesis.
However, observations he made duting his experiments agree with outs on two important
points: 1. males and females displayed at about the same rates; and 2. conspecifics were
the preferred recipients. He adds that, in informal observations of long-term captives,
when long mutual titillation episodes (where two animals were simultaneously titillating
each other) were observed for a pair of turtles, the smaller of the two almost always quit
first. Under this interpretation, mutual titillation episodes are contests and the larger turtle
usually wins. We did not obsetve any mutual titillation episodes by our turtles. On three
occasions, two female juvenile P. nesons simultaneously titillated the juvenile male P. zelsoni.
These turtles are usually attentive and perhaps attracted to active movements by others.
Juveniles often approached other active juveniles, whether they were eating or titillating.
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substrates necessary for complex negotiation in a three-dimensional wotld? If so, then this
explanation might account for display behaviour in both juvenile male and female turtles.

Precocious Courtship and Play

Precocious courtship in Pseudersys nelsoni can be compared with play behaviour, for
which demonstrable functions have also proved elusive (FAGEN 1981; MARTIN & CARO
1985; BYERS & WALKER 1995). An adult softshell turtle’s interactions with objects
appeared to meet all criteria used in labelling similar behaviour as object play in birds and
mammals (BURGHARDT et al. 1996). Social behaviour in reptiles has been even less
frequently described as playful (BURGHARDT 1984), but it has been advanced as a possible
interpretation of the rather indiscriminate headbob displays performed by hatchling fence
lizards, Sceloporus andulatus ROGGENBUCK & JENSSEN 1986). Could precocious couttship
in turtles be the basis for a type of social play? This has been advocated by PELLIS (1993)

for muroid rodents.
Play has been a difficult category of behaviour to define. The structural definition

given by BEKOFF & BYERS (1981) is clear and consistent with most others: “Play is all
motor activity performed postnatally that appeats to be purposeless, in which motor
patterns from other contexts may often be used in modified forms and altered temporal
sequencing” (p. 300). FAGEN (1981) described five main charactetistics of play behaviour
and we compare them with precocious courtship in P. nelsoni below. In addition, he listed
features of the structure and causation of play. Some items on these latter two lists, as
FAGEN states, are controversial. Nonetheless, they give an additional basis by which to
judge the plausibility of play as a possible explanation for precocious courtship behaviour
in Pseudemys turtles. Table 6 compares the structures and causes of play from FAGEN
(1981) with precocious couttship in turtles. Features of precocious courtship in turtles
match all but one item of those lists. The main charactetistics of play are compared with
precocious couttship in P. nelsoni below. :

The first main characteristic of play, that behaviour patterns occurring in play are
similar, but not identical, to those occutring in a well-defined functional context of adults
(ot juveniles), clearly applies to precocious courtship in these turtles. For example, the
orientation, manoeuvring and titillating behaviour patterns observed during precocious
courtship of juvenile Pseudemys nelsoni are similar, but not identical, to adult male courtship.
The second, that behaviour patterns in play are exaggerated, is difficult to assess with the
data collected. The individual motor patterns do not appear to differ from those of adults
in the way that the motor patterns of young mammals playing are exaggerated when

compared with those motor patterns in ‘serious’ contexts. There may be differences

between adult and precocious courtship in the duration or timing of the vatious behavioural
acts; for the most part, these were not measured. The duration of a bout of titillation does
appeat, on average, somewhat longer (exaggerated?) in juveniles than in the single adult
male measured (Fig. 1). The third characteristic, that .. .individual acts are repeated more
often in play sequences” (p. 44) is also difficult to assess because the data needed to make
detailed comparisons between precocious and adult courtship are not available. The
remaining two characteristics, that play sequences tend to be variable and that they lack
the normal consummatory behaviour and biological consequences of non-play behaviour,
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Table 6:  List of structural and causal play behaviour characteristics in Fagen (1981, pp. 45-46). As
well as could be determined, all characteristics but one (preceded by *) are features of precocious
courtship in Pseudemys nelsoni

Structure
1. Play acts, having temporal structure may be relatively incomplete, e.g. a movement
may be started, but not finished (incomplete execution, serial incompleteness).
2. Acts that involve several patts of the body may lack some components found in non-
play (instantaneous incompleteness).
. Play sequences are relatively brief.
. Play sequences may be relatively reordered or disrupted.
. Play sequences show telatively rapid alternation of acts.
. Play sequences are relatively incomplete.

Nl AW

Causation
1. Play sequences may be interrupted by higher-priority behaviour and fragmented by
inclusion of motivationally irrelevant activities.

. Play appears to be pleasurable to the performers.

. Play occuts in a telaxed motivational field.

. Play pattetns ate relatively inhibited. .

Non-specific items, including objects and living or dead otganisms, may substitute

for a conspecific partner in play.

. There is a specific motivation to play.

. Transitions from play to non-play, or mixed forms of play, may occur.

. Play occurs characteristically in immature animals.

. Play sequences occur in different situations from non-play sequences that include the
same acts, or they occur as a result of different stimuli, including stimuli normally
inadequate to elicit these acts.

10. In a given play sequence, the same behaviour may be directed in turn at different

stimuli.

11. The patterns of behaviout in play are relatively less dependent on normal stimulus—

response relationships. .

12. In play, animals return repeatedly to the same stimulus source.

*

\S]

SIS

O 0~ &N

apply to precocious courtship behaviour of these turtles. It should be noted that even
many ‘good’ examples of play do not possess all five characteristics.

PETRANKA & PHILLIPPI (1978) also remarked that the context and stereotypy of
precocious couttship in turtles they observed (Pseudemys concinna and P. floridand) differed
greatly from adult courtship. Their juveniles exhibited prolonged interspecific and intra-
sexual exchanges and displayed towards inanimate objects. Displays they observed occurred
sporadically and were less intense than those of adults. In our study, juvenile displays were
as intense as those of adults and occurred frequently.

Precocious courtship and play have been well studied in rodents and comparing this
work with our turtle obsetvations is instructive. PELLIS (1993) contrasts precocious sexual
behaviour in vatious small rodents including voles and rats. In voles, juvenile courtship
behaviour differs from the courtship of adults only because copulation at the conclusion
of the interaction was absent. Rats, employing acts used by adults in sexual interactions,
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in social interactions to increase arousal levels. CAINE & O’BOYLE (1992) found that
frequencies of various types of play in tamarins were distorted and play sequences were
less varied when animals played on broad, flat, horizontal surfaces, unnatural for an arboreal
species. Social play is believed more prominent in mammals with a complex social system
(although this putative relationship is far from established: BURGHARDT 1984); this may

also be true for turtles.
Ethologists tend to focus on the more easily ovmn_dmzn or striking behaviour

patterns, such as the titillation display in these pond turtles. It is possible that titillation
may be used in a vatiety of social contexts, which we are. confusing because we are not
attentive to more subtle behaviour.occurring synchronously or expressed in modes outside
of our direct sensory abilities (e.g. chemically). Nevertheless, the results reported here are
consistent with the hypothesis that, in juvenile P. nelsoni, courtship behaviour has been
incorporated in a rudimentary form of play. As untidy as it may seem, if this behaviour is
part of rudimentary play, not finding an obvious benefit for it is not sutprising, not is the
petformance of it by both sexes. Given the elegant model for the stages of evolution of
precocial courtship to social play in rodents developed by PELLIS (1993), it would be useful
to carry out more observations of social interactions of a wide number of aquatic emydid

turtles both in captivity and in the field.
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